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> End of energy spectrum
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Discovery |

> 1912 Victor Hess
> Balloon flights
> 1936 Nobel Prize

> 1925 R. Millikan

(““‘cosmic radiation™)
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Ai1r showers |

> 1938 Pierre Auger
> Coincidences

> Secondary particles

> Primary particles with
energy ~ 10> eV
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Primary cosmic rays

electromagnetic
shower

15

Mont Blanc
(4807 m)

Air showers

> 1*"1nteraction 20 - 30 km
> Interact. within 80 g cm™
> Depth of atmosphere
800 - 1200 g cm™
> Cascade of particles:
Electromagnetic

Hadronic
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Ground array |

AUGER

> footstep of shower
> Water cerenkov, scintil.

> space-time signal ->
arrival direction

> Number of particles ->
primary energy

> Number of e*/ u*->
type of primary particle
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Fluorescence \

> N, light along shower

> Time structure of signal ->
arrival direction

> Total amount of light ->

) primary energy
| .. ~. > Shape of shower ->

X type of primary particle

Cerankoy Lanks \
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km?)

Volcano Ranch
(1959-1963), 19 SC (8

CR detectors

Linsley (1963): E > 10*°eV
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>»E=3.2*10"eV (Nov 1991)
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> Scintillators, 100 km?

»E=2.0*10%"e¢V (Dec 1993)
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> 1964: Cosmic Microwave Mo fanaar
Background (2.7 K) & = e =

> 1966: Greisen, Zatsepin & Kuzmin

energy loss of CRs due to interactions with CMB

P+Y,n—> A" > pt+T0
n+ Tt
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Mean Energy (eV)

GZK cutoff |

aas —————]

> Mean energy as function
of propagation distance

> Significant energy loss

> Stochastic interaction
(fluctuation of energy)

o
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GZK cutoff |

100

Distance (Mpc)

150

1 > Probability that

proton came from
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spectrum E=°

1 > P=10% for

80 EeV, 100 Mpc
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> Local sources

> Isotropically
distributed

» Acceleration

> Top-down

Hillas diagram

Magnetic Field Strength
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Matter distribution

Matter distribution 7—21 Mpc. Exclusion zones; north array (black),south array (green)
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(Galactic Latitude
o

Galactic Longitude
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Extreme universe

EGRET All-Sky Map Above 100 MeV

Core of Galaxy NGC 426l

Hubble Space Telescope
Wide Field / Planetary Camera

Galaxy

Collisio

105 ‘—M y 4 Ve .
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> Galactic ~ uG
> Extragalactic ~ nG 100 EeV
> less than 3 degrees for @\\\
A
100 EeV proton 7S
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> Discrepancy between FD and SD experiments
> Absolute calibration, fluorescence yield

> GZK cutoff ?

> Extremely poor statistics (only 11 events
above 10% eV)

> Anisotropy (Galactic center, BL Lacs)
> Clustering of CRs
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Hybrid detector |

e > Hybrid: FD + at least 1 SD

> SD full time

J > FD 10% (clear & moonless
nights)

> Geometrical reconstruction

> SD calibration
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enclosure Solar panels
Battery box e —

s ors i
OBSERVATORY GPS antenna
Communications
antenna

3 photomultiplier /- Plastic tank
tubes looking into the = with 12 tons of
water collect light very pure water
left by the particles
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> Nitrogen molecules

> 300 - 400 nm

> Experiment Airfly and others

> Absolute yield

> Temperature, pressure, humidity

Fluorescence yield |
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> Relative (during measurement)

> Time dependance
> Gain of PMT

> Reflectivity of mirrors, ...

Calibration |

> Absolute (at least 2 times per year)
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Atmosphere |

> Detailed study of atmospheric conditions

> Local monthly model of atmosphere

> Lasers (Lidars, Central Laser Facility)

> Low layer of atmosphere (HAM, APF)
> Cloud cameras, meteorological balloons

> FRAM

> The worst case: 5-10 % error 1n energy
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! Systematic uncert.

E%&% Source AFEsp/Esp(%)

SR Absolute Fluorescence Yield 14

Pressure dependence of Fluorescence Spectrum 1

Humidity dependence of Fluorescence Spectrum 5

Temperature dependence of Fluorescence Spectrum 5

FD absolute calibration 11

Time dependence of FD calibration 10

FD wavelength dependence response 3

Rayleigh atmosphere 1

Wavelength dependence of aerosol scattering 1

Aerosol phase function 1

FD reconstruction method 10

Invisible energy 4

TOTAL SYST. 24
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| SDP Id 850019 Run 469 Event 197 Eye Id: 4 |
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Stereo hybnd
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> All results are preliminary!

> International Cosmic Ray Conference,

Mexico 2007
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Anisotropy |
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> No large scale anisotropy

> No clustering

> Coincidences between CR arrival direction and
positions of astronomical objects are studied

> No time and spatial coincidence between CRs

and GRBs

> More data are needed
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Galactic center |

< p<
e | <E<10EeV
AUGER search  window size Figha f Thamy
extended 10° (TH) 1463/1365 = 1.07 4 0.04(stat) £ 0.01(syst)
20° (TH) 5559/5407 = 1.03 £ 0.02(stat) & 0.01(syst)
point-like  0.8° (G) 16.9/17.0 = 0.95 4 0.17(stat) 4= 0.01(syst)

Coverage Significance (1.59)
s

l > 8.5 kpc

» GC 1s 1nside f.o.v.

'« > No signal observed

> (Claims from Agasa
and Sugar were not
.  confirmed)

R
(=]

Significance (3.

ignificance (13.3%)
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Tau neutrinos |

GLUE'04 (e, 7)

> Inclined showers

> 0 <60°

FORTE'04 (e, u, 1)

> Depth of atm. for
horizontal particles

g_ T ANITA-lite (e,1, 1) iS 363000 g Cm-Z

= RICE'05 (e, p, 1)

- Baikal (e, u, 1) Auger 0 ]

E AMANA () > Deep 1n atmosph.

Neutrino Energy [eV]

> Tau lepton
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CR composition
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